In order to clarify the relationship between biliary excretion of antibiotics and bile acid, the concentrations of Cefoperazone (CPZ) and bile acid in bile were measured by HPLC in 8 patients, 4 with T-tube drainage and 4 with percutaneous transhepatic biliary drainage.
Summary
In order to clarify the relationship between biliary excretion of antibiotics and bile acid, the concentrations of Cefoperazone (CPZ) and bile acid in bile were measured by HPLC in 8 patients, 4 with T-tube drainage and 4 with percutaneous transhepatic biliary drainage.
The biliary excretion rate of CPZ in 6 h at the time of jaundice release (more than 3 weeks after the biliary drainage had started) was extremely low, 0.03-1.4% of the intravenously injected dose of 1.0 g. The biliary excretion of CPZ after the administration of ursodeoxy cholate rose to 1.1 to 28 times the preadministration level. After reopening of the enterohepatic circulation of bile acid by surgical bypass, it was 1.3 to 41 times the preadministration level. Especially the marked increase was observed in the patients without severe hepatic dysfunction. There was a significant correlation between biliary excretion of total bile acid and the total biliary excretion of CPZ in 6 h. We conclude that the concentration of biliary bile acid is one of the factors affecting the transfer of injected CPZ to bile. This fact is important with respect to the treatment of biliary infections.
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In the chemotherapy of biliary tract infections, it is important to use antibiotics that are excreted rapidly and in high concentrations into the bile, and are stable to the effect to f3-lactamase. The bile / plasma ratio of the injected antibiotics [1] , and the biliary excretion rate of healthy persons and of patients with bile stasis have been studied [2, 3] . In recent years, surgeons have been concerned *To whom correspondence should be addressed .
that even in the cases without bile stasis the biliary excretion rate of the injected antibiotics decreases as the period of external biliary drainage becomes longer. Fortunately, the administration of bile acid or bile juice has been shown to improve the biliary excretion rate of antibiotics [4] . This paper describes the relationship between the biliary excretion of antibiotics and bile acid in cases of patients with external biliary fistula.
MATERIALS AND METHODS
Chemicals. All chemicals used were of analytical grade (wako Fine Chemical Co., Osaka). Cefoperazone(CPZ) was obtained from Toyama Kagaku Co., Ltd., Toyama, and ursodeoxy cholate(UDCA), from Tokyo Tanabe Seiyaku Co., Ltd., Tokyo. A LiChrosorb RP-18 column was purchased from Kanto Chemical Co., Inc., Kyoto and acetonitrile, acetic acid, triethanolamine, and methanol were purchased from wako Fine Chemical Co.
Subjects and experimental design. The subjects of this clinical study were 4 patients receiving T-tube drainage for obstructive jaundice caused by common duct stone and 4 patients receiving percutaneous transhepatic biliary drainage (PTP-drainage) for obstructive jaundice caused by pancreato-biliary carcinoma (Table 1) .
Each patient received 1.0 g of CPZ intravenously. Pile samples were obtained just 1 h before the administration of CPZ and once every hour for 6 h after the administration. This study was carried out 3 times on each patient. The first study was done at the time when the serum bilirubin level had returned to about 2.0 mg/ dl, which occurred more than 3 weeks after the external biliary drainage had been started. The second study was done after a 3-day course of the oral administration of UDCA (150 mg day), and the third study was done after a 3-day course of the clamping of T-tube drainage or more than 2 weeks after surgical bypass to reopen the enterohepatic circulation of bile salts. All patients had adequate renal function Table 1 . Cases of study.
To all patients ursodeoxycholic acid (150 mg day) was administered. PTBD, Percutaneous transhepatic biliary drainage.
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and no history of allergy to CPZ. For the measurement of CPZ, bile samples taken were immediately placed at -20°C. Bile sample (20 ,u l) was injected into HPLC under the conditions described below. A LiChorosorb RP-18 (10 ,u m) column (25 cm X 4 mm i.d.) equipped with a guard column (5 cm x 4 mm id.) packed with the same packing was used. The mobile phase contained 180 ml of CH3CN, 20 ml of 1 M ACOHEt3N, 10 ml of 1 M ACOH, and 790 ml of water. The flow rate was 1.5 ml/min at ambient temperature. The eluate was monitored by an ultraviolet (UV) detector at 254 nm [5] .
For the measurement of bile acid, 0.5 ml of a bile sample was added to 5 ml of McOH, and then the mixture was heated in a water bath at about 90°C for 10 min and centrifuged at 3,000 rpm for 10 min. The supernatant was evaporated under reduced pressure. The residue was dissolved in 0.5 ml of 70% McOH, and 20 ,u l aliquot of this solution was injected into HPLC under the conditions described below. A LiChrosorb RP-18 (10 ji m) column (25 cm X 4.6 mm i.d.) was used, with a mobile phase of 70% McOH solution adjusted to p 2.27 with phosphoric acid. The flow rate was 2 ml/min at ambient temperature. The eluate was monitored by a UV detector at 210 nm [6] .
The statistical significance of differences in values between the various groups was tested using Student's t-test.
RESULTS
The rate of biliary excretion of CPZ As can be seen in Table 2 , the biliary excretion of CPZ (excretion rate of CPZ) in 6 h was extremely low, 0 to 1.4% of the injected dose (1.0 g) in all the cases except for 27% in one case (Case No. 1) of choledocholithiasis, compared with 19-36% / 24 h for average of normal individuals [7] . Table 2 . Piliary excretion of CPZ (jig) within 6 h. The biliary excretion rate of CPZ after administration of UDCA and after surgical bypass The biliary excretion rate of CPZ after administration of UDCA rose to 1.0 Table 3 . Biliary excretion of total bile acid (,umol) within 6 h.
*The ratio of total bile acid of treatment of B to that of A . **The ratio of total bile acid of treatment of C to that of A. Table 4 . Biliary excretion of cholic acid and chenodeoxycholic acid (,amol) within 6 h.
*The ratio of cholic acid (CA) or chenodeoxycholic acid (CDCA) of treatment B to that of A. **The ratio of CA or CDCA of treatment C to that of A.
to 28 times the level during external drainage, whereas the rate after surgical bypass was 1.3 to 41 times the level during external drainage ( Table 2 ). The increase in biliary excretion rate of CPZ was higher in the cases with benign disease than in those with malignant disease ( Table 2 ).
The biliary excretion rate of total bile acids, cholic acid and chenodeoxycholic acid after the administration of UDCA and after surgical bypass The biliary excretion of total bile acids increased after the administration of UDCA, and significantly increased after the surgical bypass (Table 3) . Similarly, the biliary excretion of cholic acid (CA) and chenodeoxycholic acid (CDCA) increased after the administration of UDCA and after the surgical bypass ( Table  4) .
The relationship between biliary excretion of CPZ and total bile acid There was a significant correlation between biliary excretion of total bile acids per hour and the total biliary excretion of CPZ in 6 h (Fig. 1) .
DISCUSSION
In the clinic biliary concentration of injected antibiotics is important in the treatment of biliary infections. Put the treatment of biliary infections by antibiotics sometimes becomes ineffective as the period of external biliary drainage becomes longer, even though the bile flow is sufficient.
In general, the transfer of the injected antibiotics is influenced by the factors including the chemical structure of the antibiotics and the physical condition of the patient. For drugs intravenously injected to be transferred to bile they must first be taken up by the liver cells. Organic anions are transferred to liver cells by binding to a cytoplasmic binding protein. The rate of the transfer of antibiotics decreases in the case of hypoalbuminemia, which means a decrease ins cytoplasmic binding protein [7] , in hyperbilirubinemia, which means blocking of antibiotics binding to protein [8] , and in hepatocyte injury, which means insufficient cellular uptake [2] . The drug taken up by the liver cells is transported across the canalicular membrane into the bile. In this mechanism a high concentration of certain organic compounds in bile and active carrier-mediated transport system depending at least in part on Na+,K+-AThase, which may be located in hepatic and canalicular membranes, are thought to be related [1, 2] .
It is reported that the 24-h biliary excretion rate of CPZ is 19 to 36% of the intravenously injected dose in a healthy men [9] . But this rate was lower in the patients with external biliary drainage in this study, even after release of obstructive jaundice.
Why does the biliary excretion rate of antibiotics decrease as the period of external biliary drainage lengthens, even though there is no bile stasis? As was reported earlier [10] , the output of biliary bile acid in patients with external biliary drainage also decreases with the lengthening of the period of external biliary drainage. The same is true for patients with hepatic dysfunction, although there is a temporary increase in biliary bile acid to maintain the pool of bile acid. Regarding the relation between biliary excretion of antibiotics and bile acid, it was reported that the administration of UDC. [II] or the reopening of the enterohepatic circulation [4] in patients with long-term biliary drainage improved the biliary excretion rate of antibiotics. As seen in the present study, Yoshioka [11] also reported that in patients with hepatic dysfunction the administration of bile acids did not increase the biliary output of bile salts and antibiotics to the same degree as in patients without hepatic dysfunction.
Sharshmidt [12] reported that bile salt infusion facilitates the transport of antibiotics from liver into bile by allosteric interaction at the supposed carrier sites in the canalicular membrane, stimulation of micelle formation inside the liver cells, binding of the anionic drug to the aggregates and subsequent exocytosis of these aggregates into bile canaliculi, and by binding of the anions to micelles in the canaliculi with consequent lowering of the free concentration of the drug, thus leading to diminished transfer of the drug from bile back into the liver.
So, in answer to the question posed above, a decrease in the pool size of bile acids, which occurs by the loss of bile salts or hepatic dysfunction, appears to cause the impairment of biliary excretion of antibiotics.
Study should now be directed toward the mechanism of biliary excretion of antibiotics and the physicochemical interactions among bile acids, bacteria, and antibiotics in bile.
Modern techniques of biochemistry, rheology, and microbiology should be incorporated in a well-designed clinical trial that includes predetermined criteria for selection of patients and assessment of the data.
